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A  radio  direction  finder  is  a  device  which  is  used  to  measure  the 
direction  of  arrival  of  radio  waves  as  received .  Sometimes  the  measured 
angle  of  arrival  coincides  with  the  great  circle  line  of  travel  between 
the  signal  source  and  the  receiver  and,  for  tlese  times,  there  is  no 
problem.  There  are  many  other  times  when  the  measured  angle  of  arrival 
as  received  or  the  measured  bearing  is,  hopefully,  close  to  the  bearing 
of  the  source  and  then  there  is  a  problem.  The  report  that  is  contained 
here  speaks  to  the  latter  problem  as  it  exists  in  the  high  frequency 
band. 

Radio  direction  finding  has  a  long  history.  One  could  state  that 
the  radio  science  was  born  in  1887  at  the  time  of  Hertz's  experiments. 
Direction  finding  devices  were  being  patented  at  least  as  early  as  1899. 
Various  instruments  and  systems  have  been  developed  and  improved  upon 
during  the  ensuing  70  year  period.  The  majority  of  the  improvements 
have  been  made  in  the  radio  direction  finding  instrument  itself  and  the 
instrumental  errors  are,  or  can  be  made,  vanishingly  small.  However,  a 
corresponding  degree  of  improvement  in  overall  accuracy  of  measurement 
in  the  high  frequency  band  (3-30  mHz)  has  not  been  realized;  the  reason 
given  is,  "we  are  being  limited  by  the  propagation  errors". 

The  cooperative  directional  propagation  experiment  to  be  described 
here  had  a  degree  of  control  that  probably  has  not  been  possible  in  any 
prior  experiment.  It  required  the  cooperation  of  several  large  agencies 
to  provide  the  reduced  data  which  are  shown. 

The  set  of  data  provides  to  the  designers  and  users  of  radio  direc¬ 
tion  finders  good,  lengthy,  and  representative  examples  of  the  directions 
of  arrival  of  radio  waves  as  received  under  realistic  conditions  of 
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ionospherically  propagated  signals  over  an  intermediate  range  path. 

The  set  of  data  permits  one  to  make  correlations  with  other  recorded 
time  coincident  ionospheric  events  which  occurred  during  the  times  of 
observation  and  which  may,  therefore,  be  significant. 

The  set  of  data  has  been  found  to  be  useful  independently  in  its 
own  context.  Selected  cases  have  already  demonstrated  that  present 
theories  on  ionospheric  propagation,  currently  available  3-D  ray  tracing 
programs  and  measured  ionograms  obtained  in  the  neighborhood  of  the 
region  of  wave  interaction  all  lead  to  consistent  results.  This  is 
evidenced  by  the  very  close  agreement  between  reconstructed  angles  of 
arrival  for  a  given  time  and  those  actually  measured. 

We  have,  for  good  and  apparent  reasons,  resisted  the  strong  desire 
to  infer  what  is  happening  at  many  instances  of  time.  Some  of  these 
"E.F.  events"  have  been  studied  and  reported  by  Dr.  R.  M.  Jones  of  ESSA 
and  Dr.  N.  Rao  of  this  laboratory.  Our  graduate  students  are  already 
involved  in  other  aspects. 

One  may  close  by  saying,  "another  torch  has  been  lit  and  it  is 
hoped  that  its  rays  will  illuminate  the  problem  area  in  HF  directional 
propagations  so  that  optimum  solutions  may  be  seen". 
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1.  INTRODUCTION 

The  geometry  for  the  cooperative  HF  Directional  Propagation  Exper¬ 
iment  is  shown  in  Figure  1.  The  propagation  path  for  the  reduced  data 
given  in  this  report  is  the  Houston,  Texas  to  Champaign-Urbana  nominal 
path.  Exact  location  data  on  the  several  facilities  is  given  on  each 
plate  in  chapter  6. 

A  variable  frequency  continuous  wave  transmitter  was  located  at 
Alta  Loma,  Texas,  south  of  Houston.  The  transmitting  antenna  was  a  2- 
bay  log  periodic  antenna  pointed  toward  Urbana.  An  oblique  incidence 
ionosonde  transmitter  was  also  operated  with  the  same  array  on  a  time 
shared  basis.  The  duty  cycle  was  a  one -minute  duration,  i.e.,  43  seconds 
of  cw  transmission  and  then  17  seconds  of  oblique  incidence  ionosonde 
operation . 

Five  C-4  type  vertical  incidence  ionosondes  were  operated  in  the 
neighborhood  of  the  path  midpoint.  The  ESSA/ITSA  group  operated  the 
four  ionosondes  at  Springfield,  Mo.,  Greenvood,  Miss.,  Texarkana,  Ark., 
and  Ponca  City,  Okla.,  respectively,  on  a  five-minute  cycle.  The  Univ¬ 
ersity  of  Illinois  operated  a  fifth  C-4  ionosonde  at  the  path  midpoint 
near  Jacksonville,  Ark.,  on  a  one-minute  cycle.  The  University  of 
Illinois  also  operated  a  Granger-type  v.i.  ionosonde  and  oblique  inci¬ 
dence  ionosonde  receiver  at  the  receiving  endpoint  on  a  one-minute  cycle. 

The  radio  direction  finder  receiver  was  of  the  CDAA  type  and  exper¬ 
ience  with  this  system  has  demonstrated  that  the  instrumental  error  of 
the  system  is  less  than  1/2  degree  in  the  sector  of  study.  Accordingly, 
the  measured  bearing  is  considered  to  be  a  valid  measure  angle  of  arriv¬ 
al  of  the  signal  as  received.  The  wave  interference  effects,  the 
lateral  deviations  in  azimuth  and  the  vertical  angle  deviations 


Figure  1:  Geometry  for  the  Coopera 
Directional  Propagation  Experiment 
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(longitudinal  deviations)  are  all  completely  assignable  to  the  propa¬ 
gation  path(s)  through  the  ionospheric  region  in  the  neighborhood  of  th*> 
region  of  the  path  midpoint. 

The  ESSA/ITSA  group  at  Boulder  was  carrying  out  experiments  on  the 
path  between  their  Table  Mountain  site  and  Cape  Kennedy.  The  6CB  propa¬ 
gation  paths  intersected  at  a  point  near  Jacksonville,  Arkansas  and  the 
angle  of  intersection  is  very  close  to  90  degrees. 

The  frequency  of  the  cw  transmission  from  the  Houston  target  trans¬ 
mitter  was  8.0  mHz  during  the  daytime  hours  and  12.235  mHz  during  the 
nighttime  hours. 

Azimuthal  data  (bearing  and  deviation  plots)  were  recorded  at  two- 
minute  intervals  during  the  months  of  March  through  September  1967  and 
at  one-minute  intervals  thereafter. 

A  continuous  five  day  experiment  was  carried  out  each  month  during 
the  period  March  1967  through  June  1968.  The  first  thirteen  months  of 
data  have  been  reduced  and  are  reported  later  below  (chapter  6).  The 
five  day  period  was  chosen  to  bracket  the  times  of  the  international 
geophysical  days  for  each  month.  This  permits  later  correlation  studies 
of  our  reduced  data  with  that  of  other  cooperating  groups. 

The  data  obtained  by  the  group  at  Boulder  are  reported  elsewhere. 

The  plates  in  chapter  6  show  the  availability  status  of  v.i.  ionosonde 
data  obtained  by  their  four  ionosondes.  Some  "Doppler  ionosonde"  data 
obtained  by  Dr.  T.  Georges  of  ITSA  is  shown  ir.  the  earlier  plates  of 
chapter  6. 
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2.  THE  MEASURED  DATA  VECTOR 

The  experiment  was  controlled  in  the  sense  that  characteristics  of 
the  transmitter  and  the  propagation  path  were  either  known  or  determin¬ 
able.  The  receiver  was  instrumented  to  measure  most  but  not  all  of  the 
physically  observable  quantities.  For  example,  the  relative  amplitudes 
of  the  obliquely  incident  propagation  modes  should  have  been  monitored 
from  the  outset.  The  subset  of  data  that  was  measured  during  any  short 
observation  interval  constitutes  a  column  vector  in  the  matrix  sense  and 
it  is  very  convenient  to  represent  the  data  in  this  sense.  Several  trans¬ 
formations  are  made  upon  the  measured  column  vector  to  produce  the  re¬ 
duced  data  vector. 

The  measured  data  (column)  vector  consists  of  the  following  entries: 

I  Interval  (date,  month,  year) 

t  Time,  U.T.,  within  the  interval 

f(t)  Frequency  in  mHz, 

8.00  mHz  during  the  daylight  hours, 

12.235  mHz  during  the  dark  hours 

a(t)  Indicated  bearing  or  azimuthal  angle  of 

arrival  as  received 

A<j>1(t)  Differential  phase  between  first 

phantom  array 

A$2(t)  Differential  phase  between  second 

phantom  array 

A<J>3(t)  Differential  phase  between  third 

phantom  array 

JA,hf(f,t)  Midpoint  ionogram  record  obtained  at 

path  midpoint  near  Jacksonville,  Arkansas 

TK,h’(f,t)  Midpoint  ionogram  record  obtained  at 

path  midpoint  near  Texarkana,  Arkansas 

SP,h'(f,t)  Midpoint  ionogram  record  obtained  at 

path  midpoint  near  Springfield,  Missouri 
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PC,h'(f,t)  Midpoint  ionogram  record  obtained  at 

path  midpoint  near  Ponca  City,  Oklahoma 

GW,h'(f,t)  Midpoint  ionogram  record  obtained  at 

path  midpoint  near  Greenwood,  Mississippi 

UI,h'(f,t)  Midpoint  ionogram  record  obtained  at 

path  midpoint  near  Bondville,  Illinois 
(University  of  Illinois) 

At(f,t)  Houston-Urbana  oblique  incidence  ionogram 

JA,Af(f,t)  Doppler  ionosonde  data  obtained  at  path 

midpoint 

UI,Af(f,t)  Doppler  ionosonde  data  obtained  near 

receiving  endpoint 

Coincidently ,  another  data  vector  was  obtained  on  the  Boulder  to 
Cape  Kennedy  path  by  the  ESSA/ITSA  group  working  under  the  principal 
direction  of  Mr.  Lowell  Tveten. 

There  were  other  observers  who  also  accumulated  data  vectors  on 
the  Houston  transmissions. 

Most  of  the  measured  raw  data  are  maintained  in  various  files  at 
the  University  of  Illinois. 
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3.  MEASUREMENT  OF  APPARENT  ELEVATION  ANGLE 

Measurements  of  apparent  elevation  angle  were  made  using  a  technique 

originally  conceived  by  Bailey^ .  This  technique  was  the  subject  of 

2 

further  theoretical  studies  by  Jones,  Schlicht,  and  Ernst  ,  where  the 
concept  of  ’’Phantom  Antennas”  was  introduced,  i.e.,  the  addition  of 
voltages  from  a  pair  of  symmetrically  disposed  antennas  (with  respect  to 
the  boresight.  From  measurements  of  the  differential  phase  angle  between 
two  such  Phantom  Antennas,  values  of  elevation  angle  can  be  obtained  by 
use  of  the  equation: 

^  =  — - —  cos  0  cos  a 

A 

where  d  =  horizontal  spacing  along  the  boresight  between  the  Phantom 
Antennas 

\  -  wave  length  of  signal 

a  =  difference  between  azimuthal  angle  of  arrival  of  signal  and 
azimuthal  alignment  of  Phantom  Antennas.  (For  these  data, 
this  angle  is  assumed  to  be  zero) 

\p  =  differential  phase  angle  between  Phantom  Antennas 

0  =  apparent  elevation  angle 

It  should  be  noted  at  this  time  that  for  the  elevation  angle  data 
presented,  the  determination  of  the  value  to  be  used  for  ”d"  in  the  above 
equation  was  based  upon  the  assumption  that  the  phase  center  for  the 
antennas  of  the  array  is  located  at  the  screen  radius. 

1.  A.  D.  Bailey,  "Some  Notes  on  the  Determination  of  the  Vertical  Angle 
of  Arrival  of  HF  Radio  Wave  and  Implications  in  Circularly  Disposed 
Arrays”,  Technical  Memorandum  RRL  No.  263,  October  27,  1964, 

2.  E.  C.  Jones,  Jr.,  H.  C.  Schlicht,  and  E.  W.  Ernst,  ”A  Simulation 
Study  of  Elevation  Angle  of  Arrival  Measurements  in  the  Wullenweber 
RDF  System”,  Technical  Note  No.  3,  RRL  No.  306,  April,  1966. 
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For  the  elevation  angle  data  presented  in  this  Atlas,  two  Phantom 
Antennas  were  used  and  they  are  identified  as  the  Front  Phantom  and  the 
Rear  Phantom.  The  Front  Phantom  consisted  of  two  adjacent  antennas  of 
the  array,  so  selected  such  that  the  boresight  of  the  incoming  signal 
passed  between  these  two  antennas.  The  output  of  these  two  antennas  was 
added  by  a  RF  combiner  to  create  the  Front  Phantom.  By  the  RF  addition 
of  voltages  from  two  other  symmetrically  disposed  antennas,  the  Rear 
Phantom  was  formed  and  it  was  located  directly  behind  the  Front  Phantom 
on  the  boresight.  To  avoid  ambiguity  problems,  the  horizontal  spacing 
along  the  boresight  ("d"  in  the  above  equation)  between  the  Front  and 
Rear  Phantom  Antennas  was  restricted  to  a  distance  of  one-half  wave 
length  or  less  for  any  given  operating  frequency. 

Each  Phantom  Antenna  was  fed  through  RF  diode  switches  to  a  matched 
twin-channel  receiver,  the  Front  Phantom  being  fed  to  one  channel  of  the 
receiver  and  the  Rear  Phantom  to  the  other  channel.  Test  signals,  used 
to  measure  phase  drift  in  the  receiver  and  phasemeter  calibration,  were 
also  connected  to  the  inputs  of  the  receiver  by  means  of  the  diode 
switches . 

At  the  output  of  the  250  kHz  IF  amplifiers  of  each  receiver,  a 
phasemeter  was  connected  to  measure  the  differential  phase  angle  between 
the  receiver  channels.  The  phasemeter  output  is  an  analog  voltage  which 
is  proportional  to  the  phase  angle  difference  appearing  at  its  input 
terminals.  This  voltage  measurement  was  then  recorded  on  magnetic  tape 
for  processing  by  the  digital  computer. 

For  every  data  sample,  two  differential  phase  voltage  measurements 
proportional  to  elevation  angle  were  made.  These  measurements  were  600 
milliseconds  apart  in  time.  In  addition  to  this,  phase  voltage 


measurements  of  phase  drift  between  receiver  channels  and  calibration 
of  the  phasemeter  were  performed  by  means  of  test  signals  connected  to 
the  receiver  inputs  by  the  diode  switches. 

To  calculate  the  apparent  elevation  angle  for  each  data  sample,  a 
computer  program  was  written  to  perform  a  simple  average  of  the  two 
differential  phase  voltage  measurements,  after  correction  of  these  meas¬ 
urements  for  any  phase  drift  in  the  receivers.  Then  a  running-average 
window  of  20-minutes  duration  was  performed  on  the  simple -average  values. 
The  20-minute  running  average  used  here  is  similar  to  that  used  for  the 
bearing  calculations.  When  all  the  averaging  has  been  completed,  the 
differential  phase  angle  for  each  data  sample  is  then  found  by  multiply¬ 
ing  the  averaged  differential  phase  voltage  by  the  phasemeter  conversion 
constant.  This  gives  the  value  for  in  degrees  for  use  in  the  ele¬ 
vation  angle  equation.  For  any  given  frequency,  all  other  parameters 
are  known  and  the  apparent  elevation  angle  "0"  can  be  calculated. 

It  should  be  stressed  that  the  apparent  elevation  angle  is  obtained 
from  a  calculation  which  assumes  that  the  effective  reference  phase  center 
for  each  antenna  is  located  at  the  screen  radius.  Experimental  results 
have  indicated  that  the  effective  phase  center  lies  close  to  but  not  on 
the  screen  radius.  Accordingly,  the  results  should  be  interpreted  as 
being  qualitatively  indicative  of  elevation  angle  of  arrival.  The 
averaged  results  are  close  to  the  results  of  3-D  ray  tracing  studies  for 
the  path. 
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4.  DATA  REDUCTION  PROCEDURES  FOR  THE  ATLAS 

The  data  from  which  the  direction  of  arrival  of  the  signals  is 
determined  are  recorded  at  the  Bondville  Road  Field  Station  on  magnetic 
tape  with  the  High  Speed  Data  System.  The  bearing  deviation  is  computed 
from  recorded  data  which  includes  the  amplitude  of  the  sum  voltage 
sampled  at  1°  increments  of  scanner  rotation  over  the  designated  sector 
of  the  scan.  Time,  the  sector  width,  and  the  sector  center  are  other 
data  used  for  computing  the  bearing.  The  data  tapes  are  then  decoded, 
edited,  the  format  of  the  information  changed,  and  the  data  then  becomes 
part  of  the  Master  RRL  Data  File. 

The  data  were  recorded  in  groups  of  eight  successive  scans  taken  at 
one  or  two  minute  intervals.  Bearings  were  computed  from  the  data  for 
each  scan.  A  sector  width  of  30°  and  a  sector  center  of  209°  has  been 
used  for  most  of  the  data  reported  here. 

Bearings  were  computed  using  a  center  of  gravity  technique  first 
suggested  by  Smith  and  modified  by  Jones.  In  this  procedure,  the  largest 
value  of  the  sum  voltage  in  the  scan  is  determined.  Using  this  value  as 
a  reference,  successive  values  to  the  right  of  the  maximum  values  are 
examined  until  one  of  the  following  conditions  is  found: 

1.  The  voltage  falls  below  0.1  of  the  maximum  voltage. 

2.  A  null  is  found  as  indicated  by  a  value  smaller  than 
two  successive  following  values. 

The  process  is  then  repeated  to  the  left  of  the  maximum  voltage. 

The  voltage  sampled  between  the  right  and  left  limits  as  determined 
above  describe  the  major  lobe  of  the  response  to  the  signal.  The 
azimuthal  coordinate  of  the  centroid  of  the  major  lobe  is  then  computed. 
This  value  is  the  bearing  for  the  scan. 


The  eight  bearings  computed  from  the  group  of  eight  scans  are 
averaged  and  the  mean  (average  bearing)  and  the  standard  deviation  for 
the  group  determined.  The  average  bearing  for  the  group  and  the  standard 
deviation  for  the  group  are  then  plotted  as  a  function  of  time.  This  is 
the  bearing  and  deviation  plot.  At  those  times  for  which  no  data  are 
available,  no  data  are  plotted.  It  should  be  noted  that  the  standard 
deviation  is  plotted  as  (maximum  value  of  bearing  -  standard  deviation) 
versus  time.  Thus,  a  zero  value  for  the  standard  deviation  would  be 
plotted  at  the  top  and  increasing  values  toward  the  bottom. 

The  average  bearings  were  further  averaged  using  a  conventional 
running  average  technique.  This  is  the  mean  value  (running  average)  of 
all  average  bearing  values  within  a  specified  window  or  interval  of  time. 
The  plots  shown  here  are  for  window  widths  of  20  minutes  and  2  hours. 
Thus,  for  the  20  minute  window,  20  successive  values  of  average  bearing 
were  used  as  input  for  computation  of  the  running  average.  (Note:  If 
the  data  were  recorded  at  two  minute  intervals,  only  ten  successive 
values  would  be  used.)  The  running  average  determined  is  then  plotted 
versus  time.  The  time  chosen  is  the  time  at  the  center  of  the  window. 

The  running  average  is  recomputed  for  each  one  minute  (or  two  minute) 
increment  of  time.  If  no  average  bearing  exists  for  one  or  more  of  the 
time  values  included  in  the  interval,  an  average  is  computed  for  those 
that  do  exist.  If  the  time  value  at  the  center  of  the  interval  is  one 
for  which  no  value  of  average  bearing  exists,  the  data  are  not  plotted. 

All  computations  were  made  using  the  CDC  G-20  computer  operated  by 
the  Radiolocation  Research  Laboratory  and  the  plots  were  drawn  usin,-.  a 
CALCOMP  plotter. 


5.  FORMAT  FOR  THE  REDUCED  DATA 


The  reduced  data  for  each  24-hour  day  are  plotted  as  functions  of 
Universal  Time  and  Central  Standard  Time.  Six  characteristic  types  of 
reduced  data  plots  are  presented  and  the  order  of  presentation  (from 
top  to  bottom)  is  shown  in  the  format  of  Figure  2. 

A  very  large  amount  of  information  has  been  compacted  into  a  plate. 
In  the  compacting  process  the  size  of  some  of  the  printed  labels  became 
small.  We  apologize  for  this.  The  printing  is  crisp  and  can  be  dis¬ 
cerned  and  recovered  readily  with  a  reading-glass  type  magnifier  (optical 
data  processing) .  We  hope  the  end  result  justifies  the  means  that  were 
taken  here. 

The  first  characteristic  type  of  reduced  data  is  the  oblique  iono- 
gram  data.  The  oblique  ionograms  for  the  path  were  edited  for  the  fre¬ 
quency  of  transmission  at  the  time,  either  8  mHz  or  12.235  mHz,  and  the 
delay  times  for  the  modes  in  evidence  at  that  time  were  plotted  along 
the  ordinate  axis  direction.  It  would  have  helped  considerably  if  the 
relative  amplitude  of  each  mode  had  been  measured  and  plotted.  This  was 
done  near  the  end  of  the  experiment. 

The  second  characteristic  type  of  reduced  data  is  the  bearing  and 
deviation  plot.  The  GCB  for  the  target  transmitter  was  209.12  degrees. 

In  the  lower  portion  of  this  plot  is  shown  the  measured  azimuthal  angle 
of  arrival  of  the  signal  as  received,  or  the  indicated  bearing.  It  is 
obtained  from  a  short -period  sample  average  and  is  labelled  average 
bearing  in  that  sense.  At  the  top  of  the  plot  and  projecting  downwards 
is  the  magnitude  of  the  associated  standard  deviation.  The  standard 
deviation  often  appears  to  be  vanishingly  small  at  night  but  of  the  order 
of  1°  to  2°  during  the  day.  Points  having  a  standard  deviation  larger 
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Figure  2.  Format  for  reduced  data 
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than  approximately  3°  should  probably  be  ignored. 

The  third  characteristic  type  of  data  consists  of  time  averaged 
bearing  plots.  A  20-minute  window  and  a  2-hour  window,  respectively, 
was  used.  The  lower  plot  is  the  20-minute  running  average.  It  is  seen 
that  the  wave  interference  effects  have  been  reduced  very  considerably 
but  the  ’’quasi -20 -minute  period  variations”  appear.  The  upper  plot  is 
the  two  hour  running  average  and  it  is  indicative  of  the  diurnal  effects 
or  solar  effects.  We  also  call  it  the  "diurnal  curve". 

The  fourth  characteristic  type  of  data  is  the  apparent  elevation 
angle  of  arrival  averaged  over  a  20  minute  period.  It  was  pointed  out 
earlier  above  that  these  data  are  more  apparent  than  real  because  the 
effective  radius  of  the  array  to  be  used  in  making  the  calculation  is 
not  finally  established;  ray  tracing  results  indicate  that  the  plotted 
curve  is  probably  too  M^h .  The  curve  is  indicative  of  the  trend  and 
demonstrates  an  unused  capability. 

The  fifth  characteristic  type  of  data  is  the  Doppler  data  obtained 
near  the  path  midpoint.  The  legend  on  the  extreme  right  such  as  4T,  46, 
4S,  3G,  etc.,  should  be  interpreted  as  the  4.0  mHz  cw  signal  from 
Texarkana,  the  4.0  mHz  cw  signal  from  Greenwood,  the  4.0  mHz  signal 
from  Springfield,  the  3.0  mHz  signal  from  Greenwood,  respectively,  etc. 
What  is  actually  plotted  is  the  differential  frequency  between  a  trans¬ 
mitted  cw  signal  and  its  received  version.  Two  very  stable  oscillators 
are  used;  one  determines  the  transmitted  cw  signal,  the  other  determines 
the  local  oscillator  frequency  at  the  receiving  site,  and  the  difference 
frequency  is  an  indicator  of  variations  in  the  propagation  medium  along 
the  line  of  travel.  These  data  were  provided  by  Mr.  Tom  Georges  of  ESSA. 

The  sixth  characteristic  type  of  data  is  of  the  "yes-no"  type.  It 
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indicates  by  the  presence  (mark)  or  absense  (space)  of  points  along  a 
line  the  availability  of  vertical  incidence  ionosonde  data  for  each  of 
the  six  vertical  incidence  ionosondes  involved  in  the  experiment. 
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6.  THE  ATLAS  OF  REDUCED  DATA 

In  the  following  sixty-five  plates  are  contained  the  several  fam¬ 
ilies  of  plots  of  reduced  data  as  described  in  the  previous  section. 

There  were  times  when  some  (one  or  more)  equipment  was  not  func¬ 
tioning  and  for  those  times  a  gap  will  appear  in  the  data. 

One  will  note  intervals  where  the  oblique  ionograms  showed  no 
evidence  of  propagation  but  an  angle  of  arrival  was  recorded  along  with 
a  very  large  standard  deviation.  These  intervals  should  normally  be 
excluded  from  any  statistical  treatment  of  the  data. 

These  plates  are  given  without  further  comment  at  this  point.  One 
must,  therefore,  draw  his  own  inferences  about  events  in  time  that  may 
be  of  particular  interest.  We  believe  that  the  results  truly  represent 
directional  propagation  effects.  The  systematic  error  is  very  small  by 
comparison,  i.e.,  it  is  not  significant  in  the  statistical  sense. 
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7.  AVAILABILITY  STATEMENT 

The  data  from  which  the  bearing  and  deviation  plots  have  been  made 
is  available  in  tabular  and  punched  card  format  for  a  nominal  charge. 
Each  point  of  data  includes  the  following  information: 

1)  Date 

2)  Time 

3)  Average  bearing  (average  of  eight  successive  scans) 

4)  Standard  deviation  for  the  group  of  eight 

Vertical  incidence  ionogram  data  for  the  Jacksonville  station, 
vertical  incidence  ionogram  data  for  the  receiving  endpoint  and  oblique 
ionosonde  data  for  the  path  are  available  for  a  nominal  charge. 

All  of  the  above  data  are  available  from  the  Radiolocation  Research 
Laboratory . 

Data  for  the  other  vertical  incidence  ionosondes  may  be  obtained 
from  the  Data  Center  at  ESS A,  Boulder,  Colorado. 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  RAD 

(Security  classification  of  title,  body  of  mbttrmet  mod  indexii i(  annotation  mutt  bo  outorod  uAoa  lit  overall  report  it  etttified ) 


I.  ORIGINATING  ACTIVITY  (Corporate  author) 

University  of  Illinois 

Urbana,  Illinois 

2a  REPORT  SECURITY  CLASSIPICATION 

Unclassified 

ik  GROUP 

x  report  title 

AN  ATLAS  OF  REDUCED  DATA  OBTAINED  IN  A  COOPERATIVE  HF  DIRECTIONAL 
PROPAGATION  EXPERIMENT  OVER  A  1330  KILOMETER  PATH 

4.  DESCRIPTIVE  NOTES  (Typo  of  report  mtd  inclusive  dates) 

RRL  Publication  No.  344,  Technical  Report  No.  7 

S.  authors  (Lott  HARM,  firtt  MW,  initial) 

BAILEY,  ALBERT  D.  MILLER,  LEON  J. 

ERNST,  EDWARD  W.  WOOD,  WALTER  W. 

X  report  oats 

September  1968 

7a  TOTAL  NO.  OP  PAGES  Tk  NO.  OP  REPS 

81 

SO.  contract  or  grant  no. 

N00014-67-A-0305-0002 

k  PROJECT  ANO  TASK  NO. 

e. 

d. 

Sa  ORIGINATOR’S  REPORT  NUMBERfS/ 

RRL  Publication  No.  344 

»k  other (duy  other  Humbert  that  map  be 

tO.  AVAIL  ABILITY/ LIMIT  ATION  NOTICES 

"EACH  TRANSMITTAL  OF  THIS  DOCUMENT  OUTSIDE  OF  THE  DEPARTMENT  OF 

DEFENSE  MUST  HAVE  PRIOR  APPROVAL  OF  THE  OFFICE  OF  NAVAL  RESEARCH 

tnnnv  _ uachtm^tam _ n _ n _ onasnn _ 

fi.  supplementary  n&TW - » - ' - 

IS.  SPONSORING  MILITARY  ACTIVITY 

Office  of  Naval  Research 

IS.  ABSTRACT 


This  is  a  collection  of  reduced  data,  arranged  in  chronological 
order.  The  data  were  obtained  on  a  1330  km  propagation  path  between 
Alta  Loma,  Texas  and  Bondville,  Illinois. 

Data  for  13  months,  5  days  per  month  are  included  (65  days).  Each 
daily  chart  contains: 

1.  Oblique  ionograms  (propagation  modes) 

2.  Bearing  deviation  plots  (azimuth) 

3.  Average  deviation  plots  (20  minute  and  2  hour) 

4.  Elevation  angle  of  arrival 

5 .  Doppler  data 

6.  Vertical  ionograms  (availability  information) 


xurity  Clnssificauom 


LINK  A 


Unclas 

Se 

M. 


KKV  WORDS 


Propagation  Path 
Bearing  Deviation  Plots 
Oblique  Ionograms 
Elevation  Angle 


NOLK 


LINK  ■ 


NOLK 


LINK 


NOLK 


INSTRUCTIONS 


c 

WT 


I.  ORICINATINC  ACTIVITY  Enter  it*  name  aad  address 
of  the  contractor,  subcontractor,  grantee,  Department  of 
Daftasa  activity  or  other  organisation  (corporal*  author) 
loosing  the  report. 

2a.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  oecnrity  cloaoificatioo  of  the  report.  Indicate  whether 
“Restricted  Onto"  ia  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  oecnrity  regalatioaa. 

U.  CROUP:  AntooMtic  downgrading  ia  specified  in  DoD 
Directive  5200. 10  and  Anaed  Korcea  Industrial  Manual. 

Enter  the  group  number.  Also,  when  applicable,  show  that 
optional  markisgs  have  bean  used  for  Croup  3  and  Croup  4 
as  authorised. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  canes  should  he  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica- 
lioa,  show  title  classification  in  all  capitals  ia  parenthesis 
imomdialely  following  the  title. 


4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 


5.  AUTHOR(S):  Enter  the  nomefs)  of  authorial  as  shown  on 
or  in  the  report.  Enter  last  name,  first  same,  middle  initial. 
If  military,  show  rank  and  broach  of  service.  The  name  of 
the  principal  author  ia  an  absolute  minimum  requirement. 

L  REPORT  DATE:  Eater  the  date  of  the  report  ns  day, 
month,  year,  or  month,  year.  If  more  than  one  date  appears 
oa  the  report,  use  date  of  publication. 

7s.  TOTAL  NUMBER  OF  PACES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.e.,  enter  the 
innhtr  of  pages  containing  information. 

7h>  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  is  the  report. 

•a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

«h.«c,  Atd.  PROJECT  NUMBER:  Enter  the  appropriate 
military  departures!  identification,  sack  as  project  number, 
subproject  nwabar,  system  numbers,  tosh  number,  etc. 

9s.  ORIGINATOR’S  REPORT  NUMBER(S):  Eater  the  offi¬ 
cial  report  samba.  Ay  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  ssiqua  to  Urtq  report; 

9k  OTHER  hr  JWT  rUBERIS):  If  the  report  hen  been 
assigned  any  otW  l«»ort  numbers  (titktr  by  the  originator 
or  by  the  ipeator),  ttiio  enter  this  number!  s). 


10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  nay  limi¬ 
tations  on  further  dissemination  of  the  report,  other  then  those 
imposed  by  security  classification,  using  standard  statements 
such  as: 

111  ’ ’Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.” 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  in  not  authorised.” 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 

•  9 

—  -  e 

(4)  “U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC.  Other  qualified  users 
shall  request  through 

99 

-  - .  _  s 

IS)  “All  distribution  of  this  report  is  controlled.  Quali¬ 
fied  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOTES:  Use  for  additional  e-.plsns- 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay- 
mg  for)  the  research  and  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  s  brief  and  factual 
nummary  of  the  document  indicative  of  the  report,  even 
though  It  may  also  appear  elsewhere  ia  the  body  of  the  tech¬ 
nical  report.  If  additional  space  is  required,  s  continuation 
sheet  snail  be  attached. 

It  in  highly  deairsble  that  the  abstract  of  classified  re¬ 
ports  be  unclassified.  Each  paragraph  of  the  abstract  shall 
end  with  an  indication  of  the  military  security  classification 
of  the  information  in  the  paragraph,  represented  os  (TS),  (S), 
(C),  or  (V). 

There  is  so  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  ISO  to  225  words. 

14.  KEY  WORDS:  Key  words  ere  technically  meaningful  terms 
or  short  phrases  that  characterise  a  report  and  may  be  used  ss 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  ss  equipment  model  designation,  trade  nasw,  mili¬ 
tary  project  code  nasw,  geographic  location,  may  be  used  ss 
key  words  but  will  be  followed  by  an  indication  of  technical 
context.  The  assignment  of  links,  rules,  and  weights  is 


Unclassified 

Security  Classification 


